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ABSTRACT
Development of the dental arches and occlusion in permanent dentition can be divided into several stages 
and has to be observed regularly. The first permanent molar eruption is related to the onset of significant 
changes in the developing occlusion. Although this tooth is seen as the “key to occlusion” its value as an an-
chorage is debatable.
The aim of the article is to study the correct position of the upper first molars in the two planes of space – 
the sagittal and transverse planes.
In this article the position of the first upper molar is examined with the aid of diagnostic records, such as 
study cast, orthopantomogram (OPG), and lateral cephalometrics. A literature review includes Bulgarian 
and foreigner authors.
Angle, who in 1899 referred to the maxillary first permanent molars as the “key to occlusion”, was the first 
to mention their importance within the dentition. According to Angle, the line passing through the middle 
of the mesiobuccal cusp of the upper first molar coincides with the line passing through the buccal groove 
of the lower first molar. After Angle, other authors have discussed the position of upper molars from differ-
ent point of view, such as their relation or position in the maxilla, anteroposterior axial inclination and ro-
tation. As indicated by Lamons and Holmes molar rotations commonly exist in Class II malocclusions. The 
molars are usually rotated around an axis lingual to their central fossae. In an ideal occlusion the buccal 
surfaces of the upper first molars are usually parallel to each other
On the OPG Kurol and Bjerklin measured the axial mesial inclination of upper first molar. The tipping of 
the molars is measured by the angle formed between the tangent line to the mesial surfaces of the root and 
crown and the line through the lower margins of the left and right orbits.
According to Sassouni, the mesial contour of upper first molar should to lie on the 4th arc – the temporal 
arc. If the molar is anterior to this arc, a treatment with distalization could be initiated. The temporal arc-
nasion distance measured on the radius is equal to the distance from point ANS to the upper first molar. The 
position of the upper first molar varies with the position of the upper central incisors. The basic hypothe-
sis is that if the upper first molar has a fixed position in the face, any increase in the total upper dental arch 
length will be transferred to the incisor area. Any 
change in the anteroposterior position of the upper 
first molar could influence the position of the man-
dibular- leading to Class II malocclusion.
Ricketts pointed out that the average distance from 
the pterygoid vertical (PTV) to the distal surface of 
upper first molar is the sum of the age of the patient 
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INTRODUCTION
Development of the dental arches and occlu-
sion in permanent dentition can be divided into sev-
eral stages and has to be observed regularly. The first 
permanent molar eruption is related to the onset of 
significant changes in the developing occlusion. Al-
though this tooth is seen as the “key to occlusion” its 
value as an anchorage is debatable.
AIM
The aim of the article is to study the correct po-
sition of the upper molars in the two planes of space 
– the saggital and transverse planes.
MATERIALS AND METHODS
Based on almost 200 articles, a literature review 
was conducted to determine the correct position of 
upper first permanent molar with the aid of diagnos-
tic records including study casts, orthopantomogram 
(OPG), and lateral cephalographs.
DISCUSSION
The intramaxillary position of the molar has re-
ceived little attention in orthodontic literature (1). 
Angle, who in 1899 consider the maxillary first 
permanent molars the “key to occlusion”, was the 
first to note their importance for occlusion (2). Ac-
cording to Angle, the line passing through the mid-
dle of the mesiobuccal cusp of the upper first molar 
coincides with the line passing through the buccal 
groove of the lower first molar (Fig. 1). The maxillary 
first permanent molar has been the tooth most com-
monly used as a key in classifying dentition in terms 
occlusion. If these molars are not in their ideal posi-
tion, they may lead to a malrelationship (3).
This classification of Angle was supplemented 
by the “Six Keys to Normal Occlusion” by Andrews. 
Three of the keys are really important for the correct 
position of the upper first permanent molars. The 
first of the six keys is molar relationship. The distal 
surface of the distobuccal cusp of the upper first per-
manent molar occludes the mesial surface of the me-
siobuccal cusp of the lower second molar. The sec-
ond key is the crown angulation - the crown tip is 
expressed in degrees, plus or minus. The degree of 
the crown tip is the angle between the long axis of 
the crown (as viewed from the labial or buccal sur-
face) and a line bearing 90 degrees from the occlusal 
plane. A plus reading is awarded when the gingival 
portion of the long axis of the crown is distal to the 
incisal portion. A minus reading is assigned when 
+ 3mm, in a growing patient. This diagnostic method can help the orthodontist to decide whether to extract 
teeth or to distalize the molars. 
Any loss of space in the arch is a justification for early orthodontic treatment. Mediopalatal rotation of the 
upper molar is an additional problem in the final phase as well. The rotation of upper first molars is mea-
sured by the angles formed by the intersection of lines going over the tips of the mesiopalatal and distobuc-
cal cusps of each molar (Ricketts line) with a straight line marked over the palatine raphe. 
The problem of reduced arch length has an impact on the final treatment stage when the major orthodontic 
goal is establishing a tight teeth intercuspation. The molars influence the transfer of occlusal forces to the 
facial skeleton. The upper first molar tolerates more changes in the position than the lower one. The correct 
position of the upper molar ensures a stable occlusion with significantly low grade of relapse.
Keywords: upper first molar, key to occlusion, rotation, orthognatic occlusion
Fig. 1. The correct interdigitation between the molars - 
Class I
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the gingival portion of the long axis of the crown is 
mesial to the incisal portion (Fig. 2). 
The fourth key to normal occlusion is that the 
teeth should be free of undesirable rotations. The 
molar, if rotated, would occupy more space than nor-
mal, creating a situation unreceptive to normal oc-
clusion (4).
Stoller (3) corrected the misconception that the 
mesiobuccal cusp of the upper first permanent mo-
lar occludes in the buccal groove of the lower first 
permanent molar in normal occlusion, when viewed 
buccally. He wrote: “The position of the maxillary 
first molar in normal occlusion was noted to be such 
that its mesiobuccal cusp occluded distally to the 
buccal groove of the mandibular first molar.”
Strang (5) said: “The buccal ridge of the mesio-
buccal lobe of the first molar stands out so far buc-
cally that it gives the arch form a distinct offset buc-
cally as it passes from the second premolar to the first 
molar area.”
 After Angle, other authors have discussed the 
position of upper molars from different viewpoints, 
such as their relation or position in the maxilla, an-
teroposterior axial inclination and rotation. An ab-
normal rotation of molars has a definite harmful ef-
fect on the occlusion, even if small in actual dimen-
sions (6). According to Hellmans the abnormal rota-
tion of the maxillary first permanent molars leads to 
confusion in classification (7). All types of malocclu-
sion exhibit rotation of the molar as a general rule.  
As indicated by Lamons and Holmes (8), molar 
rotations commonly exist in Class II malocclusions. 
The molars are usually rotated around an axis lin-
gual to their central fossae (9). When the upper first 
molar drifts mesially, the large lingual root contacts 
the lingual cortical bone plate and allows the two 
buccal roots to rotate mesiolingually (10). The lin-
gual root act as the center or axis of rotation and the 
two buccal roots may rotate in a segment of a circle 
without breaking through the buccal plate of bone. 
The rhomboidal shape of the maxillary first molar 
occupies a greater amount of space in the arch and 
contributes to the relapse of distocclussion (11).
Henry (12) is one of the first authors to present a 
method of measuring the degree of rotation. In order 
to discover the degree of rotation he used the angle 
formed by a line joining the points of the mesiobuc-
cal and distobuccal cusps and the median raphe (Fig. 
3). The standard magnitude of the angle is 10 degrees 
±4 degrees. Above 14 degrees, the molar is consid-
ered to have a mesiolingual rotation.
Cetlin and Ten Hoeve stated that in an ideal oc-
clusion the buccal surfaces of the upper first perma-
nent molars should be almost parallel to each other 
(13) (Fig. 4).
Variety of methods are discussed in the re-
viewed literature by  different authors  for the assess-
ment of the upper molar rotation, which is valuable 
Fig. 2. Proper molar relationship (1st key of Andrews)
Fig. 3. Position of the upper first molars according to 
Henry
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in the early diagnostics and prophylaxis of the devel-
oping  permanent dentition (12,14-19).
Vigano’s method is the newest one for assess-
ment of the upper first permanent molar rotation. 
According to his method (20) the rotation of upper 
first molars is measured by the angles formed by the 
intersection of lines going over the tips of the mesio-
palatal and distobuccal cusps of each molar (Rick-
etts’ line) with a straight line marked over the pala-
tine raphe, as shown in Fig. 5 and Fig. 6. The stan-
dard magnitude of the angle is 67-73 degrees. Angles 
higher than 73 degree have an impact on the rotation 
of the molars. A deviation of 5 degrees is considered 
significant. 
Rickett’s guideline for clinical evaluation of the 
position of maxillary first molars on the occlusal 
view has been proposed using a line traced through 
the tips of the distobuccal and mesiopalatal cusps 
of the permanent maxillary first molars. It was ob-
served that, in normal occlusion, this line should 
pass through the distal third of the canine on the op-
posite side, and that this was a good guideline to ana-
lyze the mesiopalatal rotations, characteristic of me-
sial displacement of first molars in malocclusions.
It is preferable for more than one method for as-
sessment of upper first permanent molar rotation to 
be used in order to reach an accurate diagnosis and 
treatment plan. 
The mesiolingual rotation  of upper first per-
manent molars is influenced by other factors such as: 
disturbances in tooth numbers – congenital absence 
of teeth - hypodontia, morphological shape and size 
of the molar and premolars, premature loss of prima-
ry teeth, interstitial caries of deciduous molars, den-
tal arch shape (tapering, ovoid and squarios anteri-
or arch forms), etc. (21,22). Another factor could be 
transverse growth in the maxillary molar region at 
the time of the eruption of these teeth when the de-
ciduous arch remains narrow (23,24).
Maxillary first molars also rotate mesially be-
cause of mesial drifting of teeth as a result of attri-
tion at the interproximal contacts of teeth due to an 
aging process.
This factors (variables) should be discussed and 
addressed when a specific method for assessment of 
molar rotation is planned or chosen.
The molars influence the transfer of occlusal 
forces to the facial skeleton. The upper first molar can 
tolerate more changes in the position than the lower 
Fig. 4. Position of the upper first molars according to 
Cetlin and Ten Hoeve
Fig. 5. Line of Ricketts
Fig. 6. Rotational position of upper first molar according 
to Vigano 
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one. The maxillary first molar is localized so that  the 
mesiobuccal root continues into the infrazygomatic 
crest. When the molar is loaded with occlusal forces, 
the stress is transferred  through the infrazygomatic 
crest. When mesial molar displacement occurs, the 
major part of the bite forces are transferred through 
the anterior part of the maxilla, resulting in the buc-
cal bone receiving a compressive load. The shift of a 
single cusp width in the intramaxillary position of 
the molars in a mesiodistal direction has a significant 
impact on the occlusal load transfer (1).
The great majority of the cases with rotated up-
per first permanent molars or forward drift of the 
molar were associated with premature loss of de-
ciduous second molars. Very often this is associated 
with rotation in a mesiolingual direction and a for-
ward physical movement of the molars. This medial 
movement is simply the normal forward growth of 
the teeth, but proceeding in an uncontrolled man-
ner because the contacts of the unbroken arch have 
been disturbed (6). The whole arch has been growing 
forward in accordance with normal growth process-
es. This opening of a path of lesser resistance may be 
a factor in the movement of molars after the extrac-
tion of their deciduous neighbors. If the upper per-
manent canine does not take up its position in the 
arch at the proper time, soon after the eruption of the 
premolars, the permanent molars take advantage of 
the extra room provided by the spacing of the premo-
lars and rotate in a mesiolingual direction. The de-
ciduous canine does not reserve sufficient space for 
its broader successor and the latter will be unable to 
find room in the arch.
It is a well-established fact that the permanent 
molars undergo progressive changes in their posi-
tions and in the direction of their movement during 
the course of development.
On a panoramic X-ray Kurol and Bjerklin (25) 
measured the axial inclination of the upper first mo-
lar. The tipping of the molars is measured by the an-
gle formed between the tangent line to the mesial 
surfaces of the root and crown and the line through 
the lower margins of the left and right orbits. The 
normal value of the angle is 100°. A decreased val-
ue suggests mesial inclination of the maxillary first 
molar, which could lead to reduced arch length and 
crowding (Fig. 7).
Atkinson (10), speaking of “a key ridge”, has 
given us perhaps the clearest picture of the posi-
tion of the first permanent molar in the maxilla. He 
states: “there is a definite relation of the buccal teeth 
to the key ridge all during life. The ridge is present at 
birth and remains in evidence even though the teeth 
are lost. At the age of 18 years, the roots of the upper 
first permanent molar wedge between the buccal and 
lingual walls of the maxillary bone and occupy a po-
sition in which the mesiobuccal root is directly under 
the key ridge. This is the most favorable position for 
the molars, from standpoint of function, mechanics, 
anatomy and facial harmony.”
According to Sassouni’s analysis (26) the mesi-
al contour of upper first molar needs to lie on the 4th 
arc – the temporal arc (Fig. 8). If the molar is anteri-
or to this arc we could start a treatment with distal-
ization. The temporal arc-nasion distance measured 
on the radius is equal to that from point ANS to the 
upper first molar. The position of the upper first mo-
lar varies with the position of the upper central in-
Fig. 7. Method of Kurol and Bjerklin
Fig. 8. Analysis of Sassouni
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cisors. The basic hypothesis is that if the upper first 
molar has a fixed position in the face, any increase in 
the total upper dental arch length will be transferred 
to the incisor area. Any change in the anteroposteri-
or position of the upper first molar could influence 
the position of the mandibular leading to Class II 
malocclusion.
The axial inclination and rotation of the up-
per molar occur at the beginning of the transition of 
mixed to permanent dentition. Any changes in the 
sequence of primary teeth exfoliation have   influ-
ence on dental arch length. Ricketts (19) pointed out 
that the average distance from the pterygoid vertical 
(PTV) plane to the distal surface of the upper first 
molar is the sum of the age of the patient + 3mm, in a 
growing patient. This diagnostic method is in aid of 
the orthodontist to decide whether to extract teeth or 
to distalize the molars (Fig. 9).
Orientation and position of maxillary perma-
nent first molar in the maxillary arch is very impor-
tant in establishing molar relationship into Angle’s 
Class I position.
Any loss of space in the arch is a justification for 
early orthodontic treatment (27). The problem of re-
duced arch length has an impact on the final treat-
ment stage when the major orthodontic goal is estab-
lishing of a tight teeth intercuspation between both 
arches. Mediopalatal rotation of the upper molar is 
an additional problem in the final phase as well. 
CONCLUSION
The problem of reduced arch length has an im-
pact on the final treatment stage when the major 
orthodontic goal is establishing of a tight teeth inter-
cuspation. The molars influence the transfer of oc-
clusal forces to the facial skeleton. Upper first molar 
tolerates more changes in the position than the low-
er one. The correct position of the upper molar en-
sure a stable occlusion with significantly low grade 
of relapse. 
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